PGA production, exists widely in B. subtilis (natto) isolated from commercial products called "natto." B. subtilis IF03022, which did not require biotin but produced a slightly viscous substance, harbors a single species, pLS 11, which is 8.6 kb in molecular size. Some of the HindIII fragments generated from pLS l I were strongly hybridized with pUH 1 as a probe. In a recent study (7), we showed by electron microscopy that a heteroduplex molecule hybrid of pUH 1 and pLS 11 contained 1.11-and 2.14-kb double-strand DNA termini. Therefore, it is possible that pLS 11 is also a functional plasmid, encoding the y-GTP gene responsible for PGA production. If so, the other plasmids encoding the y-GTP gene may be distributed widely in PGA-producing Bacillus strains. In order to investigate further the function and distribution of the "natto" plasmid, we conducted experiments on PGA-producing Bacillus strains isolated from "thua nao" to see whether they harbor covalently closed circular DNA, and, if they do, to determine whether the plasmid DNA is involved in a specific gene for the PGA production.
MATERIALS AND METHODS
Bacterial strains and plasmids. Four PGA-producing Bacillus strains (SJ4A, SJ7, 5J18, and KB 191) isolated from commercial products called "thua nao," in Thailand were used in this study. Plasmids pUH 1 and pLS 11 were used in the hybridization experiments.
Media. The composition of the SG agar plate used for PGA production was sucrose 5%, L-glutamic acid monosodium salt 1.5%, KH2P04 0.27%, Na2P04 12H20 0.42%, NaCI 0.05%, MgS04.7H20 0.05%, and biotin 0.1 µg/ml. The pH was adjusted to 6.4. The medium used for assaying enzyme activity consisted of peptone 1.2%, citric acid O.2°, glycerol 2%, NH4C1 0.7%, K2HP04 0.05%, Mg504.7H20 0.05%, FeCl3.6H20 0.004%, and biotin 0.1,ig/ml. The pH was adjusted to 6.8.
Assay of y-glutamyltranspeptidase activity. Gamma-glutamyltranspeptidase (y-GTP) activity was assayed as described previously (3). One unit of y-GTP activity was defined as the amount of enzyme which liberates 1 µmol a-naphthylamine from y-glutamyl-a-naphthylamide and glycylglycine per min at 37°C.
Isolation of plasmid. Cleared lysate of the isolated strains was prepared by the sodium dodecyl sulfate (SDS)-NaCI method of GVERRY et al. (8), with a slight modification. Overnight cultures grown in nutrient medium were harvested and washed in cold buffer containing 0.03 M Tris-HCI (pH 8.0), 0.05 M NaCI and 5 mM EDTA (TES buffer). Cells were suspended in 5 ml of 25% sucrose in TES buffer. A 0.75-ml portion of EDTA (0.25 M, pH 8.0), and 1.5 ml of lysozyme (Sigma Chemical Co., 5 mg/ml in TES buffer containing 25% sucrose) were added, and the mixture was incubated for 30 min at 37°C. Then, 0.75 ml of Pronase E (5 mg/ml in TES buffer predigested for P1.5 hr at 37°C) was added, and the suspension was incubated for an additional 30 min at 37°C. Lysis was achieved at room temperature by adding 0.75 ml of 1000 SDS in TES buffer. NaCI (0.75 ml, 5 M) was added, and the whole Plasmid Distribution in "thug nao" Bacillus 243 mixture was left overnight at 4°C. Then, the mixture was centrifuged for 30 min at 17,000 rpm. The supernatant was diluted to a final volume of 6.0 ml with 50 mM EDTA (pH 8.0), 5.0 g of solid CsCI and 0.1 ml of EtBr solution (30 mg/ml in dimethyl sulfoxide) were added, and the density was adjusted to 1.575 g/ml. The mixture was centrifuged at 38,000 rpm for 40 hr at 4°C in a Hitachi 65Ti rotor. The presence of covalently closed circular DNA was determined visually under ultraviolet illumination. When satellite bands were detected, they were collected and centrifuged in CsCI-EtBr gradients. Plasmid DNA was collected from the gradient, extracted with n-butanol three times and dialyzed against 10 mM Tris-HC1 buffer (pH 8.0) and 1 mM EDTA (TES buffer). The purified samples were used for analysis with restriction endonucleases.
Agarose gel electrophoresis. Plasmid DNA samples were analyzed on 1.000 agarose (Nakaxai Chemicals Ltd., Kyoto) slab gel according to the method of SHARP et al. (9;). Electrophoresis was carried out at room temperature with 40 mM Tris, 20 mM acetic acid, and 2 mM EDTA (pH 8.1). All plasmid bands were identified by the fluorescence from integrated EtBr under ultraviolet irradiation. The molecular weights of plasmid DNA fragments were estimated using )-HindIII fragments as standards (10).
Digestion of plasmid DNA with restriction endonucleases. The restriction endonucleases, except AvaI, were purchased from Takara Shuzo Co. Ltd., Kyoto, Japan. AvaI was purchased from Nippon Gene Co., Ltd., Toyama, Japan. The conditions for the various enzyme reactions to cleave plasmids were as recommended by Bethesda Research Laboratory.
Nick translation and Southern blot hybridization. Plasmid pUHI, purified by CsCI-EtBr density centrifugation, was used to prepare a 32P-labeled probe by means of nick-translation (11). The endonuclease digests of purified plasmid DNAs were electrophoresed on 1.000 agarose gel. The resulting bands were transferred to a nitrocellulose filter (BA-85; Schleicher & Schull GmbH, Hinbeck, West Germany) by the Southern blot technique (12) and hybridized with the denatured 32P-labeled probe. The filter was exposed to Fuji RX film for 3 hr at -70 °C with a Du Pont lighting-plus intensifying screen.
RESULTS
Some properties of Bacillus strains isolated from "thua nao"
Four strains of aerobic, gram-positive and spore-forming rods isolated from "thua nao" in Thailand were taxonomically similar to Bacillus subtilis (natto) . Some physiological properties such as biotin requirement, viscous substance productivity and y-GTP activity were examined in the isolated Bacillus strains. The biotin requirement was determined by growth on SG agar plates in the absence or presence of biotin. Viscous substance productivity was indicated by the amount of slime produced on SG agar plates containing L-glutamic acid and biotin and on steamed soybeans. As shown in Table 1 , only strain KB191 require biotin for growth. The other three strains did not. However, all four strains produced a considerable amount of viscous substance on the SG agar plates and steamed soybeans. The y-GTP activity in the culture fluids of isolated strains, especially strain SJ4A, was generally high. This was also true of B. subtilis (natto) strains isolated from commercial "natto."
Identification of plasmid DNA
The four strains were analyzed by preparing cleared lysates and centrifuging them in CsCI-EtBr gradients. A satellite band was observed in each strain. The plasmid preparations named pTNH 11, pTNH 12, pTNH 13, and pTNH 14 were digested with nine restriction endonucleases, and the digests were subjected to electrophoresis in 1.000 agarose gels. The number of cleavage sites for a variety of restriction endonucleases and the molecular weights of the plasmids detected in the PGA-producing strains examined are summarized in Table 2 . The molecular weights of plasmids pTNH 11, pTNH 12, pTNH 13, and pTNH 14 were 7.9, 6.6, 7.5, and 9.9 kb, respectively. Based on the sizes of restriction fragments obtained by single, double and partial digestions, the map positions of various restriction sites were determined for plasmids pTNH 11, pTNH 12, pTNH 13 and pTNH 14, and given as kilobase pair coordinates relative to the HincII restriction site (Fig. 1) . Nine HaeIII restriction sites on the plasmid pTNH 11 in the strain SJ4A were not mapped Table   1 . Biotin requirement, viscous substance production and y-GTP activity in B. subtilis (natto) strains isolated from "thua nao." in this study. As shown in Fig. 1 , the restriction maps differ overall and none above plasmids corresponds to known species of Bacillus plasmids.
of the Plasmid interrelations demonstrated by hybridization To examine the relationships among the plasmid DNAs more critically, we tested their hybridization patterns. The plasmid pUHI encoding the y-GTP gene, which is responsible for the PGA production in B. subtilis (natto), was used as a probe DNA in the hybridization experiments. The digests of plasmids pTNH 11, pTNH 12, pTNH 13, and pTNH 14 with HindIII were electrophoresed on an agarose gel ( Fig. 2A) . The resulting bands were transferred onto a nitrocellulose filter by Southern blotting, and then hybridized with a 32P-labeled probe. An autoradiogram is shown in Fig. 2B . All DNA fragments generated from the plasmids pTNH 12 and pTNH13 with HindIII hybridized significantly with the probe DNA (Fig. 2B , lane 2 and 3). The 2.3-kb HindIII DNA fragment of the plasmid pTNH 14 had no homology with the 32P-labeled pUH 1 DNA (Fig. 2B, lane 4 , third from top), whereas the smallest HindIII fragment had a higher degree of homology than the other fragments (Fig. 2B, lane 4) . Some of the DNA fragments, for example, such as the smallest and the second fragments of the plasmid pTNH 11 (Fig. 2B, lane 1) and the second and the fourth fragments of the plasmid pTNHl4 (Fig. 2B, lane 4) had a lower homology than the other fragments. These results indicate that the plasmids detected in the PGA-producing strains isolated from "thua nao" in Thailand had some degree of homology with the probe pUH 1, which is responsible for the PGA production in B. subtilis (natto), although some of the restriction fragments showed higher degrees of homology and others showed none.
Comparison of plasmids pTNHl4 and pLSll
A more detailed homology of the plasmids pTNH 14 and pLS 11 was in- vestigated by comparing their restriction maps with their regions of DNA homology. As shown in Fig. 3 , their restriction maps, except the BglI-HaeIII DNA segment, were exactly the same. The homologous regions of pTNH 14 with pUH 1 are located on DNA segments 3.1-kb BglI (map position at 1.6-kb in Fig. 3A) HaeIII (4.7-kb), 2.5-kb HaeIII (5.5-kb)-HindIII (7.0-kb) and 1.3-kb HindIII (9.0-kb)-HaeIII (0.2-kb). But DNA segments 1.8-kb BglI (map position at 1.6-kb in Fig.  3B )-HaeIII (3.4-kb), 2.5-kb HaeIII (4.2-kb)-HindIII (6.7-kb) and 1.3-kb HindIII (7.7-kb)-HaeIII (0.36-kb) on the plasmid pLS 11 strongly hybridized with the probe DNA. This indicates that the 8.6-kb plasmid pLS 11 is a deletion derivative of the 9.9-kb plasmid pTNH14 detected in the PGA-producing strain isolated from "thua nao" in Thailand.
DISCUSSION
This paper describes the distribution of plasmid DNA detected in PGAproducing Bacillus strains isolated from "thua nao," a traditional fermented soybean food in Thailand, which closely resembles "natto" in Japan. Each isolated strain harbors a single plasmid species. None of the plasmids pTNH11 (strain SJ4A), pTNH 12 (strain SJ7), pTNH 13 (strain SJ 18) and pTNH 14 (strain KB 191) corresponds to the known species of Bacillus plasmids classified by TANAKA et al. (13, 14) , UOzUMI et al. (15) and YosHIMURA et al. (16) . An autoradiogram of the plasmids appears to have some degree of homology with 32P-labeled pUH 1 used as a probe, though their molecular weights and their restriction maps differ overall. In our previous paper (5), we reported that eight strains of Bacillus subtilis (natto) isolated from the commercial "natto" contained a single plasmid species, which was classified according to molecular weights and restriction patterns as type pUH 1, the functional plasmid encoding the y-GTP gene. Plasmid pLS 11, 8.6 kb molecular weight, has digestion patterns and a molecular weight completely different from pUH 1. But electron microscope studies of the hybridization products of pLS 11 with pUH 1 revealed a heteroduplex molecule containing 1.11-and 2.14-kb double-strand DNA termini (7). Recently, we determined the nucleotide sequence of pUH1 (17) . It consists of 5,811 nucleotides and its sequence contains two long open reading frames 1,117 and 1,275 by in length. Those have been confirmed to represent the light and heavy subunits of y-GTP, respectively. Of the molecules analyzed, we found that the double-stranded regions of heteroduplex molecules formed between pUHI and pLSI 1 may play an important role in PGA production, and that the 1.11-and 2.14-kb double-stranded regions on the heteroduplex molecule may be equivalent to the respective light and heavy subunits of the y-GTP gene. The restriction map of pTNH 14 is very similar to that of pLSI 1, and the 8.6-kb plasmid pLS 11 appears to be a deletion derivative of the 9.9-kb plasmid pTNH 14 (Fig. 3) . Comparison of the restriction maps of pTNH 14 and pLS 11 shows that the coding region of the light subunit of the y-GTP gene on plasmid pLS 11 corresponds to the 3.1-kb Bg1I (map position at 1.6-kb in Fig. 3A) -HaeIII (4.7-kb) DNA segment on plasmid pTNH 14, whereas the region encoding the heavy subunit of the y-GTP gene corresponds to the 2.5-kb HaeIII (5.5-kb)-HindIII (7.0-kb) DNA segment on plasmid pTNH 14. This suggests that the plasmid species detected in PGA-producing Bacillus strains, including the B. subtilis (natto) and B. subtilis strains, have developed from a common ancestral molecule.
AMAHA and SAKAGUCHI (18) and KiDA et al. (19) reported that B. subtilis and B. subtilis (natto) can be classified separately on the basis of whether biotin is essential for growth. In fact, B. subtilis (natto) strains isolated from commercial "natto" in Japan do require biotin for their growth (5). But PGA-producing Bacillus strains isolated from "thua nao" in Thailand, including B. subtilis IF03O22, does not require biotin, even though both strains produced "natto" from steamed soybeans (Table 1) . Many studies on the genetic as well as the biochemical relationship between B. subtilis and B. subtilis (natto) have revealed that these two bacilli should be considered one species (20) (21) (22) (23) . Therefore, it may be impossible to distinguish B. subtilis (natto) from B. subtilis by the biotin requirement, as described in Bergey's Manual 6th ed. (1948) (24) . Previously, we demonstrated that a specific host range of the bacteriophages isolated from abnormally fermented "natto" might be helpful for distinguishing B. subtilis and B. subtilis (natto) (25) . B. subtilis Marburg 168, which cannot produce stringy substance, indicated "natto" phage resistance. The PGA-producing transformants derived from B. subtilis Marburg 168 became sensitive to all "natto" phages, whereas the non-PGA-producing mutants of B. subtilis (natto) strains obtained by curing with acridine orange resisted the phages tested. The Bacillus strains containing "thua nao" plasmids were, of course, sensitive to the "natto" phages (data not shown). These results clearly indicate that PGA productivity may be associated with "natto" phage adsorption, and that the specific host range of "natto" phages completely coincides with plasmid-harboring strains of B. subtilis (natto). As described above, we revealed that a plasmid encoding the y-GTP gene is distributed widely among PGA-producing Bacillus strains. Therefore, it is possible that the strains harboring the plasmid that encodes the y-GTP gene responsible for PGA production are B. subtilis (natto) and this distinguishes them from B. subtilis.
